ᮀ Many so-called "alternative medicine" techniques such as Reiki and acupuncture produce very good outcomes for intractable pain and other chronic illnesses but the efficacy is often dismissed as being psychosomatic. However a plausible mechanism does exist i.e. that the treatments alter the electromagnetic fields in living organisms and thereby prevent or reduce activity of neurons which lead to the pain. Low doses of ionising radiation have similar effects on electromagnetic fields and are known to induce signaling cascades in tissues due to ion gradients. To test this hypothesis cell cultures were exposed to Reiki -like and to acupuncture -like treatments, both performed by qualified practitioners. The cells were exposed either before or after the treatment to x-rays and were monitored for production of direct damage or bystander signals. The data suggest that the alternative techniques altered the response of cells to direct irradiation and altered bystander signal mechanisms. We conclude that alternative medicine techniques involving electromagnetic perturbations may modify the response of cells to ionizing radiation. In addition to the obvious implications for mechanistic studies of low dose effects, this could provide a novel target to exploit in radiation protection and in optimizing therapeutic gain during radiotherapy.
INTRODUCTION
Alternative medicine techniques have been practiced for thousands of years and have achieved good results in animals as well as humans. The techniques have yet to gain credibility in mainstream Western medicine mainly because the energy which is balanced in living things as a result of many of these treatments, cannot be measured scientifically. Two methods where bioenergy is thought to be relevant are acupuncture and Reiki (Rubik, 2002) . Reiki is a biofield therapy. The biofield is an extremely weak electromagnetic field of the organism thought to involve electromagnetic bioinformation important for regulating homeodynamics (Rubik 2002) . Acupuncture involves inserting steel needles with coiled tops into the skin at well defined points along meridians (Lo 2002) . These meridians are thought to be energy flow paths and to consist of polarized molecules. Balancing energy flow is critical to achieve therapeutic improvement. Critical to both therapies is the concept of "Qi " or universal energy which organisms share with their environment. Living systems constantly exchange energy with information at multiple levels of organization with their environment in order to maintain themselves (Rubik 2002) .
The field of radiation biology has undergone a paradigm shift in the last 10 years which has changed the way low doses of radiation are viewed. The twin pillars of this shift are the discovery of genomic instability and lethal mutations (delayed reproductive death) in the 1980's and early 1990's. (Seymour et al. 1986; Alper et al. 1988; Seymour and Mothersill, 1989; Chang and Little, 1991; Seymour and Mothersill, 1992; Chang and Little 1992; Kadhim et al. 1992; Kadhim et al. 1994; Marder and Morgan, 1993; Brown and Trott, 1994) and the discovery of bystander effects in the early 1990's (Nagazawa and Little, 1992) . As with any paradigm shift, there were data that did not fit the prevailing view going back to 1915 (Murphy and Norton, 1915) . The old literature is reviewed by Mothersill and Seymour (2001) but the seminal papers which began the move away from a DNA centric view of radiation biology and a linear non-threshold (LNT) relationship between dose and effect, were the discovery of the non-clonal appearance of lethal mutations in apparently healthy distant progeny of irradiated cells in 1986 (Seymour et al. 1986 ), the discovery of non-clonal appearance of chromosomal aberrations in distant progeny of alpha particle irradiated hematopoietic stem cells in 1992 (Kadhim et al. 1992) . Both reports showed high yields of damage in distant progeny which could not be explained by any conventional mechanism. Implicit in the 1992 paper was the realization that cells which did not get an alpha track could show damage associated with receiving such a track. This was formally demonstrated later in 1992 (Nagazawa and Little, 1992) when it was shown that cells exposed to low fluences of alpha particles such that not all cells received an energy deposition, more cells than could have been hit showed chromosomal aberrations. This effect was termed the radiationinduced bystander effect (RIBE). Since 1986 the field has grown exponentially and these low dose phenomena are regarded as interrelated nontargeted effects of radiation with a consensus that genomic instability is being driven by bystander associated mechanisms including the production of reactive oxygen and reactive nitrogen species (ROS/NOS), calcium fluxes and activation of ion gated channels (Clutton et al. 1996; Lyng et al. 2001; Mothersill et al, 2005 Seymour, 2006, Shao et al. 2006; Shao et al. 2008; Mothersill et al. 2010; Lyng et al. 2011) . However the nature of the released factors which travel from cell to cell are still a mystery and there are suggestions that the factors may have a physical component (Mosse et al. 2006; Mothersill et al. 2007; Dr Olga Senyiuk, Chernobyl Research Centre, Chernobyl Village, Ukraine, p.comm 2011, cited with permission) .
Consideration of the possibility of a physical component to the factor prompted us to review the field of electromagnetic frequency effects on cells and organisms. There is considerable evidence that bioelectric or biomagnetic fields can affect cells (Gandhi, 2002; Brodsky et al. 2003; Swanson and Kheifets, 2006; Yamaguchi et al. 2006, Wiegant and Van Wijk, 2010) , mainly by influencing membranes resulting in altered permeability to ions as a result of effects on the potential difference across the membrane (Jasti et al. 2001; Lohmann et al. 2003; Dini and Abbro, 2005 ). Aaron's group has also reported growth factor production associated with bioelectric field exposure (Aaron et al. 2004) . Fractures which will not heal can often be helped by bioelectric or magnetic treatment and the mechanism is reported to involve TGF_ production consequent on electromagnetic (EM) stimulation, (Bodamyali et al. 1998; Aaron et al. 2002) . There is also a whole industry built around the ability of plastics to conduct EM waves and optical signals (Werneck and Barrientos, 1994, http://www.lumigen.com). Fibre optic technology relies on this and in the microplate reader industry, many precautions have to be taken to prevent optical conductance in microwell plates. A branch of medical imaging depends on electrical impedance of tissues (Boone et al, 1997 , Eyübog_lu, 2006 , Eyuboglu and Degirmenci, 2011 which is another mainstream example. Thus at one level the results suggesting that bystander effects may be transmitted via biomagnetic or bioelectric mechanisms are not that surprising. We know that ion channels are important in the initiation of bystander responses ) and also know that drugs which transduce electrochemical signaling via receptors associated with ion-gated membrane channels are involved in triggering bystander signal production (Poon et al. 2007 , Saroya et al. 2009 .
Given the possible link between bystander signal production and bioelectromagnetic phenomena, we decided to explore two modalities where the beneficial health effect of the treatment was attributed to bioenergy balancing. Our hypothesis was that application of these treatments to cells before or after radiation exposure would reduce or otherwise modulate bystander stress signaling between cells by modifying energy fields.
METHODS

Reiki-like and acupuncture-like technique
The authors include a professional radiotherapist (Wong) who is also a qualified acupuncturist, and a Reiki level 3 master (Seymour) who is also a radiobiologist. The treatment of cells with acupuncture involved C. Mothersill and others opening the flask in a level 2 biosafety cabinet and placing a standard steel acupuncture needle in the flask of cells making sure the cell layer was in contact with the needle tip for 20 mins. Sham controls included opening the flask for the same length of time with no needles or exposure using plastic toothpicks instead of acupuncture needles. Treatment was given before irradiation to donor flasks or after irradiation to donor or recipient flasks.
Reiki was practiced by bioenergising the cells for 20 minutes either before or after irradiation. This is done by the practioner holding his hands over the flasks without touching them, while concentrating on transmitting energy to the living cells. In this case the sham control flasks were removed from the incubator for the same time interval but were left on the bench while Reiki-like treatment was given to the test flasks.
Acute X-ray treatment and bystander effect induction.
X-ray doses were administered using a portable X-ray machine (Faxitron X-ray Corporation cabinet X-ray system; Wheeling, Illinois, USA), delivering 100mGy per min, exactly as previously described . Flasks were kept in the dark (in polystyrene boxes) during irradiation and while being transported to and from the irradiator to prevent UV light exposure being a confounding variable and also to minimize temperature fluctuations as the irradiation was in a separate building from the cell culture laboratory. Flasks were returned to the incubator immediately after irradiation.
Cell culture techniques
The HPV-G cell line was originally given to us by Dr J DiPaolo, National Institutes of Health (NIH), Bethesda, Maryland, USA (Pirisi et al. 1988) , it was obtained at an early passage and expanded and frozen in our laboratory. The cell line has a well-characterized and stable bystander response, showing a reduction in cloning efficiency of ~40% over a wide range of radiation doses, and well-characterized calcium fluxes and mitochondrial effects (Lyng et al. 2002 , Maguire et al. 2007 ). This makes it ideal as a reporter system. All cell culture procedures were performed in a class II biosafety cabinet. The cells were grown in RPMI medium containing 60 ml pre-screened foetal bovine serum (FBS), 5 ml penicillinstreptomycin, 5 ml L-glutamine, 15 mM Hepes buffer, and 1 mg/ml hydrocortisone. All reagents were manufactured by Gibco, Biocult and obtained from VWR, Burlington, Ontario, Canada. The serum was prescreened to ensure it supported a bystander effect when tested using a positive control x-ray exposure of HPV-G cells.
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Clonogenic Assay Technique and Bystander Protocol
Cell cultures that were 85-90% confluent and that had received a medium change the previous day were selected. Cells were removed from the flasks using 0.25% w/v trypsin/1 mM Ethylenediaminetetraacetic acid (EDTA) solution (1:1) obtained from VWR, Burlington, Ontario, Canada. When the cells had detached, they were resuspended in medium, and an aliquot was counted using a Z2 Coulter particle count and size analyzer (Beckman Coulter Electronics, Mississauga, Ontario, Canada) . Appropriate cell numbers (~500) were plated for the recipient or bystander flasks to optimize the ratio of signal molecules to cell number. 48hrs after set up of the explants, medium was poured off from the flasks containing the explants. The medium was filtered through a 0.22mm filter to remove any debris from the explant culture medium and then added to the cells in the reporter flasks from which the original medium had been removed. Ten days later, colonies of reporter cells were stained with Carbol Fuchsin (Ziehl Nielsson, Sigma) and colonies were counted to determine reporter cell survival.
Statistical analysis
All data are expressed as mean ± standard deviation (n = 3 in all cases) and compared by Analysis of Variance (ANOVA) followed by Least Square Difference (LSD), using the "Statistix" statistical analysis software (Analytical Software, Tallahassee, FL, USA); in all cases a p <0.05 was considered statistically significant. On each figure the letters, annotated above the bars, indicate those data which are statistically similar on the bar graph and those which are statistically different. The asterisk indicates those data which show a statistically significant difference to the completely untreated control cells.
RESULTS
Acupuncture experiments
In figure 1 results of a simple experiment to determine if there was an effect of steel needles are shown. Clearly in this experiment, acupuncture treatment of cells prevented both the direct effect of 0.5Gy x-rays and also prevented the production of a bystander effect. The treatment was given to directly irradiated or donor flasks 1hr before exposure to x-rays. In figure 2(a-c) a much bigger experimental design is presented where the aim was to see if acupuncture was acting on signal production or on response to the signal. In these experiments sham controls were included for the needle treatment and treatment was given 1hr before irradiation, immediately after irradiation or given to recipient cells before medium transfer. For easy of viewing, the data are presented in 3 separate graphs although C. Mothersill and others FIGURE 1: Effect of acupuncture on the production of a bystander response following exposure to 0.5Gy x-rays. Letters above the chart columns indicate the degree of difference from the control. Errors are standard error of the mean.
FIGURE 2A:
Direct and medium transfer induced reduction in clonogenic survival of cells exposed to 0.5Gy or medium harvested from donor cells exposed to 0.5Gy ionizing radiation. Letters above the chart columns indicate the degree of difference from the control. Errors are standard error of the mean.
FIGURE 2B:
Effect of pre or post exposure acupuncture-like treatment with steel or plastic needles on the clonogenic survival of cells directly exposed to 0.5Gy ionizing radiation. Letters above the chart columns indicate the degree of difference from the control. Errors are standard error of the mean.
FIGURE 2C:
Effect of pre or post exposure acupuncture-like treatment with steel or plastic needles on the clonogenic survival of cells exposed to medium harvested from cells exposed to 0.5Gy ionizing radiation. Letters above the chart columns indicate the degree of difference from the control. Errors are standard error of the mean. all the exposures were done in a single experiment in which the flasks were set up in triplicate and the experiment repeated 3 times. Figure 2a simply shows the irradiated and bystander medium recipient controls with no acupuncture-like treatment. The graph shows that 0.5Gy x-rays reduced the clonogenic survival of directly irradiated cells by about 40%. Medium harvested from directly irradiated cells caused a similar reduction in clonogenic survival. These values are the controls against which the effects of steel and plastic needle acupuncture-like effects should be viewed. In figure  2b the data for directly irradiated cells with or without acupuncture-like treatment are presented. All data on this graph were normalized to the absolute control (100%) in Fig 2a. The results show that treatment with steel needles increased the clonogenic survival of the unirradiated cells above the level of the absolute control i.e. the plating efficiency of the cells increased. Treatment with plastic needles had no effect. Treatment with steel needles before exposure to 0.5Gy reduced the plating efficiency to the level of the absolute control with the same proportional decrease in survival had the data been normalized to the steel needle control. This suggests that the steel needle treatment acts by increasing the survival of cells not by reducing percentage of cell death caused by exposure to ionizing radiation. Exposure to steel needle treatment after radiation exposure was less effective than treatment before exposure. Fig. 2c shows the clonogenic survival of cells which received no direct irradiation but received media from irradiated cells. These data were normalized to medium transfer recipient control in Fig.2a . The results clearly show that acupuncture treatment with steel needles to the donor cells is required to prevent the bystander-induced reduction in clonogenic survival response. Interestingly it does not matter whether the needle treatment is given before irradiation or immediately afterwards for medium transfer experiments but the steel needles have the greatest effect on cell survival if treatment is given before exposure to the donors AND after exposure to the recipients. In figure 3 a dose response is shown. The quite sensitive direct response and the saturated bystander response following medium transfer are normal for this cell line. The acupuncture data for the directly irradiated cells reveals a protective effect at all doses including the zero Gy control. The magnitude of this effect does not increase with increasing dose but is a factor of approximately 2 over the range 0.05Gy-5Gy. The bystander medium transfer data are more variable but maintain protective factors in the 1.5-2.0 range over the whole dose range including the zero Gy recipient. In fig. 4 the dose response data have been replotted to show the proportion of the cell killing which can be attributed to the direct effect of radiation alone and the percent due to the bystander component of the total effect. This plot was done by assuming full expression of the bystander effect in the directly irradiated flasks. The % death for bystander cells was then subtracted from the % death for the "direct" group which actually contain cells Alternative medicine techniques alter radiation response FIGURE 3: Dose response for directly irradiated and bystander medium transfer cells treated with acupuncture before exposure to radiation. Letters above the chart columns indicate the degree of difference from the control. Errors are the standard error of the mean. arrested by the actual energy deposition from the dose and the cells arrested by the bystander factors. The graphs show clearly where the net effect of the acupuncture-like treatment is to increase survival; (bars below the 0 cell death on the y axis). This plot also allows the relative contributions of bystander and direct effects to the overall cell death to be seen.
Reiki experiments
The results of the experiments where bioenergy using Reiki was administered to cells for 20 mins 1hr before irradiation (0.05, 0.5 or 5Gy acute dose) are shown in Figure 5 (a and b) . In each case the data were normalized to 100% for the relevant untreated control. In case the 20 min time span outside the incubator was causing any effect, sham controls were included where cells were placed on a laboratory bench remote from the site of the Reiki practitioner. Results for the sham and untreated controls were identical. The figure shows that Reiki treatment modifies the direct and bystander response to radiation. The groups not treated with Reiki show the usual response to direct irradiation (Fig. 5a ) and to transfer medium from irradiated donors (Fig.5b) . However Reiki treatment significantly increases survival of directly irradiated cells at all doses tested and unlike the acupuncture experiments this is not because of any effect on the control plating efficiency. The bystander result is less clear, the low radiation dose donor medium is less toxic but the 0.5Gy and 5Gy donor media are more toxic.
Alternative medicine techniques alter radiation response 91 FIGURE 5A: Effect of bioenergising cells using Reiki-like techniques on the clonogenic survival of cells following direct exposure of cells to ionizing radiation. Letters above the chart columns indicate the degree of difference from the control. Errors are standard error of the mean..
DISCUSSION
The data in this paper support our hypothesis that non targeted effects of low dose irradiation would be influenced by alternative medicine therapies which balance bioenergy. At first sight it might seem a strange idea that these two popular alternative medicine techniques might and do modify response of cells in vitro to ionizing radiation.
Examination of the literature reveals a field of research dealing with bioenergy and specifically with the importance of very low energy photons in maintaining function in living organisms (Kiang et al. 2002 , Van Wijk et al. 2008 Wiegant and Van Wijk, 2010) . These references attribute the success of acupuncture, Reiki and meditation to the ability of trained individuals to balance or tune the energy balance (meridians) in themselves or their subjects/patients. Another series of papers attempt to identify mechanisms at the cellular level. Key among these are suggestions that membrane polarization is important and that ion-gated channels are important (Ye and Zhang 1992, Jasti et al, 2001) . Others suggest ionic perturbations due to oxidative stress (Hernández-Enríquez, et al 2011 , Gorman et al. 2010 . All these cellular mechanisms have been seen in radiation-induced bystander experiments. Calcium fluxes were identi-C. Mothersill and others 92 FIGURE 5B: Effect of bioenergising cells using Reiki-like techniques on the clonogenic survival of cells following direct exposure of cells to medium harvested from cells exposed to ionizing radiation. Letters above the chart columns indicate the degree of difference from the control. Errors are standard error of the mean. fied by Lyng et al. in 2002 and subsequent research also confirmed that ion-gated channels -particularly the 5-HT3A receptor, were implicated (Maguire et al. 2007; Poon et al. 2007; Saroya et al. 2009; Mothersill et al. 2010) . There are many papers in the literature on the role of ROS and NOS in bystander mechanisms (reviewed in Averbeck, 2010) . Most of these papers suggest that ROS damages DNA through short-lived free radical attack (Hei et al. 2008 , Sedelnikova et al. 2010 ) and that NOS is important in signaling. Inhibitor studies prove that both ROS and NOS are involved as inhibition various aspects of these pathways prevents the bystander effect, however an issue with this has always been that the medium transfer experiments suggest that the signal is long-lived. Its production appears to be controlled by an on/off switch with a low dose threshold and does not show a dose dependent relationship between effect and dose (Schettino et al. 2005; Liu et al. 2006) .
A neat explanation that could fit the existing data and explain the data presented here is that ionizing radiation perturbs delicately balanced bioenergy fields, resulting in homeostatic signaling aimed at rebalancing the pre-irradiation ionic gradients. Reiki and acupuncture could be seen then as activities which stop the imbalance from occurring or rebalance very quickly so that signaling pathways are not turned on. Support for this idea is that the generation of bystander signal in medium transfer experiments at least has been shown to require at least 30-60 mins after irradiation to be generated (Mothersill and Seymour, 1997) so the fact that Reiki and acupuncture applied immediately after irradiation were effective means that intervention before the signal expression is complete may stop it happening or modify the process. In the case of acupuncture but not Reiki, it appears that the treatment is able to stabilize cells irrespective of exposure to ionizing radiation because the protective effect is seen in the controls. Possibly the treatment acts in a similar way to anti-oxidants by preventing the occurrence of the perturbation or by proactively aiding the survival of cells whether or not these are subsequently stressed.
If it is accepted that the mechanisms by which these therapies modulate bystander effects is because of the bioenergy field then it is interesting to consider other known interactions between ionizing radiation and electromagnetic fields. The literature is sparse and very contradictory. With some laboratories reporting that EMF can enhance ionizing radiation-induced DNA damage. Increases in micronuclei, chromosome aberrations and apoptosis have all been reported when the ionizing radiation exposure is administered in an EMF field even in the microT range. Epidemiological studies also produce contradictory results (Johansen, 2004; Schüz et al. 2009,) . However several studies find no effects (reviewed in Habash et al. 2003) . This situation of apparently contradictory findings is also characteristic of the low dose radiation field (Nguyen Alternative medicine techniques alter radiation response and Wu, 2011; Kondo, 2011; Nomura, 2011; Zyuzikov, et al 2011) . In the latter field however it is now clear that different cell lines, different radiation exposures and even media composition give different results (Bourguignon et al. 2005; Ponnaiya et al. 1997, Morgan and Sowa, 2009; Little, 2010; Dainiak, 2011) . This could suggest that these very subtle and sensitive responses are of little relevance in risk assessment. However it could also be argued that this variability underlies the range of variation in organismal response to low dose exposures to radiation and other environmental stressors. The resulting uncertainty about the low dose risk for a given individual necessitates conservatism and precautionary regulatory decisions. Determining the important mechanisms after low dose exposure to any environmental stressor must be an essential step in assessing true risk.
Many of the critics of alternative medicine techniques claim that the treatments work for symptoms such as pain, backache, headache etc. because the patients believe in the therapy or in the therapist. This might be described as a placebo effect (Kaptchuk 2002 , Benedetti et al 2003 , Wager et al, 2004 . Controlled studies such as (Rubin et al. 2010) show no benefit if the patients do not know they are being treated. Other studies dismiss this but do suggest that the subject and the practitioner have some sort of mental association (Yu et al. 2003) . Most interestingly, people have measured weak light photons coming from practitioners when they meditate during therapy (Hou et al. 1994; Ulett et al. 1998; Lee et al. 2010; Van Wijk et al. 2008 ) and attribute the biological effects to this energy. Whatever may underlie human responses to these treatments, we can be sure that in vitro cellular responses cannot be due to psychosomatic effects and must have some real basis in biology and biophysics however incredible this may seem.
In conclusion, we have shown that both reiki and acupuncture can significantly reduce direct effects of ionizing radiation in human epithelial cells. Acupuncture is effective in preventing or reducing medium transfer mediated bystander effects if applied to irradiated donor cells before or immediately after treatment. Reiki treatment given to medium transfer donor cells has a more complex effect which is dose dependent. The data strongly suggest a physical component involving bioenergy in the generation of bystander signals. If the mechanisms could be harnessed they might provide new modalities for use in radiotherapy or in risk mitigation following medical or accidental low dose radiation exposures.
